Objectives-Rheumatoid arthritis
Abstract
Objectives-Rheumatoid arthritis (RA) is a disease which predominantly affects women. Interestingly, low serum androgen levels and clinical improvement with androgen replacement have been reported in male patients. The aetiopathogenic role of sex hormones in arthritis and their potential long term effects on joint destruction and disability remains unclear, however. This study was designed to investigate the potential influence of sex hormones on inflammation induced cartilage degradation in male rodents. Methods-An in vivo model of cotton wrapped cartilage implants was used to assess the effects of androgen, oestradiol, and progesterone on inflammation induced cartilage degradation, and in vitro techniques were used to investigate the direct actions on cartilage metabolism and cytokine production in male animals. Results-Orchidectomy resulted in accelerated cartilage damage which was reversed by replacement of physiological levels of androgens. Granulomatous tissue from castrated male rodents produced higher amounts of interleukin 1. Sex hormones reduced spontaneous proteoglycan loss in vitro but did not interfere with the effects of interleukin 1 on cultured cartilage. Conclusions-Androgens appear to protect cartilage from inflammation induced breakdown in male animals. These results support a pathogenic role for hypoandrogenism in rheumatoid arthritis and suggest that long term androgen replacement may help prevent joint damage and disability.
due to the immunosuppressive properties of androgens. 4 Androgen receptors have been described in antigen presenting and processing cells in human synovia, suggesting a possible modulatory role at the core of local pathogenic mechanisms. 5 Cartilage destruction is an early consequence of RA and plays a major part in the progression of disease and resulting disability. The effects of androgens on cartilage damage due to inflammatory processes have received little attention despite the demonstration of sex hormone receptors in articular cartilage from different species and experimental evidence that these hormones may stimulate proteoglycan and type II collagen synthesis by cultured human articular chondrocytes. 6 The principal aim of the study was to investigate the influence of manipulation of androgens and other sex hormones on inflammation induced cartilage degradation in male animals.
Methods

IN VIVO CARTILAGE DEGRADATION
Castration and sham operation Mature male BALB/c mice (Tuck & Sons, United Kingdom) aged 9 to 10 weeks were used, age matched in each experiment, and kept under controlled light conditions (14 hours light, 10 hours dark). All surgical procedures were performed under intraperitoneal anaesthesia with 0 07 ml of combined Hypnorm (Janssen) and Hypnovel (Roche) Assessment oflevels ofsex hormones in serum samples Levels of oestradiol were assessed using a commercially available radioimmunoassay (Diagnostic Products, Abingdon, United Kingdom). Serum progesterone was determined by radioimmunoassay as supplied by the North East Thames radioimmunoassay (NETRIA) unit. Testosterone was assessed by an inhouse radioimmunoassay as described previously.8 Interassay coefficients of variation for each steroid were less than 10% at three appropriate concentrations. The same testosterone assay was used to assess androgen levels after implantation of dihydrotestosterone capsules given that the assay shows 80% cross reactivity between the two steroids. Progesterone was given in a subcutaneous silastic capsule implanted in the ventral surface of the animal. These were prepared using silastic tubing (inner diameter 1-6 mm; outer diameter 2A4 mm; Dow Corning, United Kingdom) sealed at both ends with silastic adhesive as to leave 15 mm free, packed with 15-17 mg of crystalline progesterone. This design was chosen from several tested and shown to replace physiological female levels (80-120 nmoll) when implanted in castrated female animals, the concentration being stable between the second and fifth week after implantation.
Different designs of testosterone silastic capsules were tested. Figure 1 shows that testosterone capsules replacing physiological levels of this steroid resulted in unacceptably high levels of oestradiol, five weeks after implantation and were abandoned. Dihydrotestosterone subcutaneous silastic capsules (inner diameter 3-4 mm; outer diameter 4-6 mm; 20 mm free) packed with 70-75 mg crystalline hormone resulted in stable androgen levels in the lower physiological range (allowing for the higher potency of dihydrotestosterone) with no detectable increase in oestradiol levels. Dihydrotestosterone was therefore used for androgen replacement.
IN VITRO CULTURES
Ex vivo interleukin 1 production by granulomatous tissue -1000
Granulomatous tissue surrounding wrapped FHCs was carefully dissected out in a laminar -800^flow hood 10 days after implantation and cul-0 tured in 2 ml serum free DMEM for 48 hours. humidified incubator (5% C02/95% air), the medium being changed at day 5. Sex hormones were added to the medium from stock solutions in dimethylsulphoxide (DMSO) to final concentrations chosen to cover a range from 10-fold below to 10-fold higher physiological levels in mature male Wistar rats as determined in preliminary experiments. The concentration of DMSO was kept at 0 01% in all groups.
When used, mouse recombinant interleukin lo (Genzyme) prepared in DMEM with 0-5% bovine serum albumin (BSA) was added to the medium in the second five day period to a final concentration of 1 ng/ml. A similar volume of 0 5% BSA was added to control wells. Cultured FHCs were pulsed with 37 kBq/ml carrier free Na235SO4 (Amersham International, United Kingdom) for the last 24 hours of culture to evaluate proteoglycan synthesis. Supernatants were kept for the determination of GAGs. The addition of 1 ng/ml mrIL-la during the second five day culture period resulted in a significant increase of cartilage degradation (37 0 v 27/1%; p<001) and a decrease in Table 3 Interaction ofsex hormones with interleukin (IL-1) effects on cultured cartilage. Femoral head cartilages from male Wistar rats were cultured in the presence ofsex steroids or dimethylsulphoxide (DMSO) alone for 10 days with one change of medium at day 5. Mouse recombinant IL-la (1 ng/ml) was added to the medium for the second culture period. None of the results for the hormone treated groups was significantly differentfrom proteoglycan synthesis (3-76 v 6&52X 103 cpml mg; p<0-001). The effects of IL-1 on the two parameters were not significantly changed by preincubation and the continuous presence of sex hormones (table 3) .
Discussion
Wrapping cartilage in cotton induces the formation of granulomatous tissue and a marked increase in cartilage damage, providing a suitable model to assess the effects of inflammation on cartilage. We have no clear explanation of the increase in GAG content observed at the end of the first week. It is possible, however, that the trauma of the operation and exposure to growth factors in serum play a part by accelerating the rate of proteoglycan synthesis above the negative effects of early inflammation. Differences between wrapped and non-wrapped cartilages at one week were not statistically significant and although they may have contributed to the differences seen at later points, these are much greater and increase with the time of implantation. Orchidectomy consistently resulted in an accelerated rate of cartilage loss in the presence of granulomatous reaction, coinciding with an increased production of IL-1. The effects of orchidectomy were completely nullified by the replacement of physiological levels of dihydrotestosterone, thus confirming the protective role of androgens in this process. The lack of further protection when dihydrotestosterone was given to sham operated animals shows that the maximum androgen mediated effects in this model were achieved at physiological levels. Progesterone did not have any significant effect but oestradiol caused a significant increase in cartilage loss in animals which had had an orchidectomy but not in sham operated male animals, suggesting that androgens may counteract the deleterious effects of oestradiol. The levels of progesterone, and presumably oestradiol, achieved by our treatment regimens were supraphysiological for male mice, but our results nevertheless show that these hormones do not offer protection against cartilage degradation in the male animal, despite their known immunosuppressive actions. These results corroborate observations of increased susceptibility and severity of streptococcal cell wall arthritis after castration or oestrogen treatment in male LEW/N rats.'0
Investigations of the effects of sex hormones in inflammatory disorders face a number of methodological difficulties derived mostly from the complexity of hormone regulation and metabolism and the intricate interactions between the gonadal, adrenal, and immune systems.4 " In vivo models allow the assessment of end results that cannot be directly predicted from simplified in vitro systems. The model we used is not intended as a direct reproduction of RA but as a model of cartilage damage induced by granulomatous tissue with similarities to rheumatoid pannus. Its features have been well described and published results on the effects of current treatments for rheumatic diseases have shown a good correlation with experience in human disease and other experimental models.'2 Unlike more conventional models it allows a reproducible measurement of cartilage destruction offering appropriate conditions for the study of this essential component of arthritis.
The peripheral transformation of testosterone into oestradiol has been shown to be an important confounding factor on studies addressing immunological effects of sex hormones. 4 Our results show that prolonged testosterone treatment of experimental male animals, in a dose sufficient to attain physiological levels, will result in extremely high oestradiol levels due to peripheral transformation and is, therefore, inadequate to study the effects of androgens. The silastic capsules of 5ux-dihydrotestosterone used here allowed stable androgen levels to be obtained in the low physiological range (compensating for the higher androgenic activity of dihydrotestosterone) without any detectable change in oestradiol levels.
Unsuspected sex hormone action is also a potential problem in in vitro studies. We have repeatedly found high levels of oestradiol and progesterone in different batches of fetal calf serum. Progesterone is also a common component of most available serum alternatives for culture purposes. Weak oestrogenic properties of phenol red, a common pH indicator in culture media, have been shown repeatedly and we have therefore avoided these components in our culture conditions.
The mechanisms of the protective actions of androgens are still unclear. The lack of influence of orchidectomy on non-wrapped cartilage suggests that the effects of sex hormones are mainly due to actions on the inflammatory tissue and not directly on the chondrocytes. To clarify this point further we investigated the effects of sex steroids and their interaction with IL-1 on cartilage metabolism in vitro. The effects seen on spontaneous proteoglycan loss in culture are common to the different sex steroids studied and do not seem to be important in vivo. None of the sex hormones showed any significant interference with IL-1 induced effects on proteoglycan synthesis and degradation in vitro, reinforcing the concept that direct actions on cartilage do not contribute significantly to the overall effects seen in the in vivo model. The lack of dose dependency of sex hormone effects on cartilage is probably related to the number and kinetics of the respective receptors in this tissue. To our knowledge only oestradiol receptors have been described in articular chondrocytes.'3 14 These receptors were found in small amounts but showed high affinity, which may justify saturation at physiological concentrations. It should also be noted that the lower concentrations used in our in vitro studies correspond approximately to physiological concentrations of free sex steroids, given that these hormones are bound to carrier proteins in excess of 90%.
Orchidectomy did not affect parameters of granulomatous tissue development, in agreement with previous findings with this model showing a lack of positive association between the mechanisms responsible for generating acute exudative inflammation and those causing cartilage destruction.7 A similar dissociation has been proposed for rheumatoid arthritis.'5 Our results show that sex steroids affect the erosive ability of granulomatous tissue, probably by influencing the production of mediators, as suggested by the increased release of IL-1 associated with orchidectomy. Although we cannot provide firm evidence that IL-1 is responsible for the acceleration of cartilage loss induced by castration, there is overwhelming evidence for a pivotal role of this cytokine in cartilage degradation in human and experimental disease and our own results in vitro show that mouse IL-lot is capable of inducing increased loss and decreased synthesis of proteoglycan from rat FHCs. It is not clear how androgens should bring about this effect. In our experience, orchidectomy does not significantly influence the ex vivo release of IL-1 by resident mouse peritoneal macrophages (data not shown). Macrophages in an inflammatory environment, however, may show a different response and the complex interactions that surround these cells in inflammatory tissue provide a large number of pathways for indirect modulation-for example, through T cells and lymphokine production. 6 The possibility of direct androgen actions on these cells is supported by the description of androgen receptors in macrophage-like cells in normal and rheumatoid synovia.5 It is unlikely that the effects of androgens in this model are dependent on any interaction with the hypothalamus-pituitaryadrenal axis, as treatment with dihydrotestosterone results in reduced glucocorticoid response to the inflammatory process. ' This suggests a direct anti-inflammatory role for androgens, which is also supported by previous findings of reduced inflammation and cartilage erosion after intralesional administration of testosterone in models of air pouch and antigen induced arthritis in mice. 8 In summary, our results show that androgens have a protective role against inflammation induced cartilage degradation in male animals, probably mediated by interference with the immune and inflammatory process. These results offer additional support for a potential pathogenic role of androgens in human disease and suggest that in addition to ameliorating disease activity, androgens may contribute to reduce joint destruction and disability in arthritis.
